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ABSTRACT
We sought to identify priorities and adaptation opportunities for water security across the various 
Brazilian biomes. With ever-growing demand and water-usage, future climate scenarios suggest that 
further water resources management constraints are to be endured throughout the next two decades. 
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The unbalance between high-quality water demand and availability in a multisectoral usage context 
(e.g., domestic, industry, agribusiness) highlights the socio-ecological Nexus+ concept’s relevance. In this 
context, the political and cross-institutional articulation and flexibility play a significant role in steering 
adaptative actions. These challenges in defining action plans, adequately addressed at a multiscale level 
with inherent climatic uncertainties, are yet to be overcome in Brazilian water resources management.
Keywords: Water security. Climate change. Nexus+. Adaptation opportunities. Brazilian biomes.
RESUMO
Neste trabalho buscamos identificar as questões prioritárias e as oportunidades de adaptação para a 
segurança hídrica nos diferentes biomas brasileiros. A redução da disponibilidade hídrica prevista em 
cenários de clima futuro, as projeções crescentes de retirada para os próximos 20 anos e os conflitos de 
uso múltiplo da água atuais, indicam um cenário de amplificação dos desafios já existentes no futuro 
próximo. Os desbalanços entre demanda e disponibilidade de água com qualidade num contexto 
multisetorial evidenciam a abordagem nexus+ água-alimento-energia-socioambiental. Neste contexto, 
a articulação e flexibilidade político-institucional destacam-se como questões centrais para direcionar 
ações de adaptação. A articulação entre diferentes instituições e políticas públicas em abordagem 
multiescalas (municipal, de bacias hidrográficas, estadual e federal), assim como a consideração da 
incerteza climática nas ações de planejamento, ainda são desafios a serem superados na gestão dos 
recursos hídricos.
Palavras-chave: Segurança hídrica. Mudanças climáticas. Nexus+. Oportunidades de adaptação. 
Biomas brasileiros.
1 INTRODUCTION
Water is a minimum requirement for life and capital goods, so its scarcity or excess can become a 
source of destruction, poverty, and conflict. Water security understanding goes beyond water deficit 
assessments since the problems associated with water resources are highly intricate (BOELENS et al., 
2014). It evolves economic, social, health, and environmental aspects. Given the multidimensional 
water security character, its approach requires a transdisciplinary view through the socio-ecological 
system (LIEHR et al., 2017).
The literature presents a wide range of concepts for water security, depending on the purpose, focus, 
and scale of analysis (COOK & BAKKER, 2012). The common point of these concepts is meeting the basic 
needs for human survival and ensuring water quantity and quality. Attentive to the processes of global 
environmental change, holistic views adopt concepts that integrate human needs with environmental 
protection, i.e., ecosystems, public health, and disaster risk management that has water as a vector 
(UN WATER, 2013; WATERAID, 2012; WWC, 2013, OECD, 2013, VAN BEEK & ARRIENS, 2014).
In this work, the water security is conceptualized as the availability of an acceptable quantity and 
quality of water for health, livelihoods, ecosystems, and production coupled with an acceptable level 
of water-related risks to people, environments, and economies (GRAY & SADOFF, 2007).
The nexus concept addresses the interdependencies between water-energy-food subjects, emerging as 
a response to anthropogenic climate change (AGRAWAL & LEMOS, 2015; ENDO et al., 2017; FROESE & 
SCHILLING, 2019; HOFF, 2011). The nexus + approach, adopted in this work, adds socio-environmental 
issues to the water-food-energy relationship, considering that socio-environmental inequalities 
increase the vulnerability and exposure of societies (MILHORANCE AND BURSZTYN (2019); ARAÚJO et 
al. (2019); BOELENS et al., 2014; COUTINHO et al., 2020). Adaptation actions are the adjustments that 
society needs to make in facing the climate change effects. 
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The directions for adaptation policies to explore opportunities and minimize the risks and impacts of 
climate change depends on the society’s vulnerability and exposure levels. Also, consider and identify 
synergies and trade-offs between adaptation options (LEMOS et al., 2016) helps to guide the actions.
Water, food, energy, and socio-environmental security are related to the availability, access, and fair 
distribution of these resources. Environmental protection and economic development involve political, 
circumstances, and institutional issues (SIMPSON & JEWITT, 2019).
In this perspective, to achieve water security, it is necessary to build adaptation capacity (LEMOS et 
al., 2016) and balance human needs for consumption and development. At the same time, ensure the 
maintenance of biodiversity and ecosystem services.
This paper seeks to identify and prioritize water security adaptation issues and opportunities in different 
Brazilian biomes according to the nexus + approach.
2 VULNERABILITY AND IMPACTS OF CLIMATE CHANGE FOR WATER SECURITY
2.1 THE RELEVANCE OF WATER SECURITY IN BRAZIL
The hydrographic basin climate and hydrological regime steer the economy and the Brazilian 
population’s lifestyles.  Economic activities, such as agriculture, industry, and electricity production, are 
dependent on the climate, water availability, and water quality in the region where they are developed 
(PBMC, 2014).The high population density combined with the water resources demands and the 
pollution challenges can generate conflicts of use due to their quality and quantity unbalance. Among 
the 73 Metropolitan Regions and the 07 Integrated Development Regions (RIDEs) in Brazil, 28 have 
more than 1 million inhabitants and add up to a total of 98.7 million inhabitants, representing 47.3% 
of the Brazilian population (IBGE, 2018). São Paulo and Rio de Janeiro alone – the two largest Brazilian 
megacities - have more than 18 million people. Only 63.5% of the Brazilian population uses sewage 
services managed safely, including facilities for washing hands with soap and water (ANA, 2019).
Water use demand in Brazil is steadily growing, with an increase of approximately 80% in the total 
withdrawn in the last two decades. Withdrawals for multiple water users, including economic activities, 
may increase by 24% in Brazil, in 2030, compared to 2017 (ANA, 2018).
Crop irrigation accounts for 52% of the withdrawal flow and 68.4% of the consumed flow, which places 
it as the highest used activity (ANA, 2018). Taking the 2015 estimates as a starting point, incorporating 
3.14 million hectares of irrigated crops is projected, bringing the country closer to the total area of 
10.09 million hectares irrigated in 2030 (ANA, 2017).
There is also a demand for electricity production since Brazil is one of the world’s largest hydraulic 
electricity producers. In 2018, the country registered 66.6% of the domestic electricity supply based on 
hydraulic sources (MME, 2019).
The Brazilian regions have heterogeneous climatic and socio-environmental water resource contexts. 
Some regions have historically lived with droughts, such as the Brazilian semi-arid region. In contrast, 
others have demand that exceeds water systems’ capacity due to population pressure, such as 
the Southeast.
Ecosystem services such as fish farming, water supply, and recreation are connected to the hydrological 
cycle in the basin-scale for water purification, retention, and climate regulation. Sustainable water 
resources management and use are linked to ecosystem services (GRIZZETTI et al., 2016) since aquatic 
ecosystems enable vast biodiversity and are sources of inspiration, income, nutrition, and food 
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security. Ecosystems services  represent a Brazilian cultural heritage, therefore being part of the critical 
components to consider in the natural resource management and conservation actions (BPBES, 2020).
The anthropic pressure in the Caatinga, Cerrado, Atlantic Forest, and Amazon biomes alter the ecosystem’s 
balance, affecting their services (JOLY et al., 2019). The ecosystem’s alterations can lead to situations of a 
tipping point, i.e., in which it can no longer regenerate (NOBRE et al., 2016; SAMPAIO et al., 2019).
2.2 WATER SECURITY AND CLIMATE CHANGE: IMPACT CHAIN
Climate change results in physical process alterations that, in turn, trigger socio-environmental impacts, 
putting at risk the well-being and population lifestyle that organizes itself in order to adapt public 
policies (Figure 1).
Figure 1 | Impact chain of water security and adaptive responses in public policies related to climate change. 
Delta (D) represents the physical processes variation resulting from climate change, i.e., alterations in 
evapotranspiration (ET), precipitation (Pr), flow rate (Q), and sea level rise (SLR). 
Source: Prepared by the authors.
The variability, seasonality, and intensification of the physical process - i. e., precipitation pattern, potential 
evapotranspiration, river flow, biogeochemistry of water bodies and oceans, and sea level rise - are the 
most preeminent climate change effects on the hydrological cycles (MAGRIN et al., 2014). Environmental 
impacts result in changes in the water supply and its quality, the frequency and magnitude of extreme 
events, soil loss, the alteration/destruction of its territories, and biodiversity. These environmental impacts 
affect the general well-being, health, and hygiene conditions and interfere in productive capacity and 
exacerbate conflicts over water resources, triggering and deepening water crises. Consequently, current 
public policies may prove insufficient or even inadequate to deal with current and future challenges. 
Thus, they should be prone and flexible to adapt and mitigate the new reality’s side effects.
2.3 CLIMATIC IMPACTS OBSERVED IN BRAZIL
The drought or dry season events caused Emergency Situation or Public Calamity State declarations at 
least once in 51% of Brazilian municipalities between 2003 and 2015. Also, 48% of the municipalities 
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declared an emergency or public calamity due to floods at least once between 2003 and 2017 (ANA, 2018). 
The Northeast, South, and Southeast regions placed about 89% of these municipalities that suffered from 
flood events. However, prominent events have occurred in other regions, such as the North.
The Northeast’s semi-arid region has experienced the sequence of most extended and intense droughts 
in recent decades since 2010 (MARENGO et al., 2017; MARENGO, ALVES, et al., 2018). Brito et al. (2018) 
identified that all states in northeastern Brazil’s semi-arid region, in a 36-year interval between 1981 
and 2016, were affected by droughts in approximately more than half of the analyzed interval. Brito et 
al. (2018) also highlight the occurrence of more frequent, prolonged, and severe droughts in the most 
recent period, between 2011 and 2016.
The municipalities of Caatinga and Cerrado recorded the highest numbers of droughts between 2003 
and 2015. About 80% of the people affected by droughts in 2017 live in the Northeast Region. Bahia, 
Ceará, and Pernambuco accounted for 55% of people affected in the country. The water rationing in 
2017 recorded the highest average number of people affected by events in the federal capital’s water 
crisis (ANA, 2018).
In April 2018, the criticality in urban supply decreased. However, water sources’ depletion still collapsed 
34 cities in Bahia, Ceará, and Paraíba (ANA, 2018).
The combination of longer dry seasons and delayed onset of rains increased the risk of extreme 
droughts and forest fires in the Amazon region. Episodes of drought in the years 2005, 2010, and 2016 
have influenced the frequency of forest fires and carbon balances (ARAGÃO et al., 2018; MARENGO, 
SOUZA, et al., 2018), with high mortality rates of trees (BRIENEN et al., 2015).
In the Cerrado, the low precipitation rates at the end of 2016 impacted the Federal District’s main 
supply reservoirs’ storage. A 70% drop in agricultural production and a 30% drop in the planted area 
increased up to 100% in food goods were registered.
In the Tocantins River basin, since 2012, the volume stored in the reservoirs has been decreasing. In 
2017, the Serra da Mesa reservoir reached just under 6% of its useful volume, registering the lowest 
observed value.
The prolonged drought in the Southeast in 2014 caused vast impacts that affected several sectors. 
The industry’s production capacity, crop yields, hospitals, and schools’ operation were compromised 
(NOBRE et al., 2016). Agricultural products and commodities, such as sugar cane, coffee, beans, and 
oranges, registered production losses. The sugarcane harvest, for example, had a 5% reduction.
The rain shortage in 2014 and 2015 in the Southeast Region also affected activities on the most 
critical waterways in the country, in terms of values and volumes transported (ANA, 2019). The lack of 
demolition works and reduced defluent flow rate paralyzed the Ilha Solteira and Três Irmãos waterways 
from 2014 to 2016.
The floods affected 2716 Brazilian municipalities between 2003 and 2018 (ANA, 2019). The highest 
frequencies of flood events were recorded mainly in the Northeast, South, and Southeast regions. The 
floods affected about 1 million people in Brazil in 2018. The most noticeable human damage due to 
the floods is the loss of the affected persons’ homes. More severe damages (deaths, disappearances, 
illnesses, and injuries) affected less than 5% of these people.
In the South of Brazil, a sequence of extreme precipitation events caused severe floods and landslides in 
2008 in the Itajaí River Valley. The event affected around 1.5 million people from Santa Catarina, with 135 
dead and 80,000 displaced. The low-income populations were the most affected, showing the relationship 
between the disaster impacts and the regional development condition (AVILA & MATTEDI, 2017).
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In 2014, a historic flood on the Madeira River isolated the state of Acre from Brazil for about 30 days. 
The floods hit the main highway and caused shortages in the cities, loss of production of the riverside 
population, and increased diseases transmitted by water contamination such as leptospirosis (FRANCA 
& MENDONÇA, 2015).
2.4 CONDITIONING FACTORS FOR WATER SECURITY IN BRAZILIAN BIOMES
The current environmental and socioeconomic status for each Brazilian biome constitutes conditioning 
factors for their climate change impacts and vulnerability. The populous cities, limited sanitation 
services and access to water in quantity and quality, and anthropic pressures on ecosystems related to 
urban and agricultural expansion are potential barriers to achieving water security.
The Brazilian Amazon biome is deficient in infrastructure and sanitation services. Besides, the legal 
water resources management instruments, such as state plans (PERHs) and river basin committees 
(CBHs), are still in the initial development stage, when they are not wholly absent. According to ANA 
(2019), concerning PERHs, Amazonas, and Pará, they are still being contracted, and Amapá does not yet 
have them. The state of Amazonas has 2 CBHs, while Amapá, Rondônia and Acre have none. This biome 
also stands out for its incipient water quality monitoring gauges. These deficiencies reveal a critical 
situation of weak regional governance to deal with and know the impacts of extreme drought and 
flood events. The region may become even more vulnerable in the face of climate change considering 
socioeconomic pressures such as the current deficit in infrastructure, sanitation, monitoring gauges, 
deforestation, poverty, and traditional people lifestyle.
The Free Economic Zone of Manaus is an industrial hub responsible for 1.4% of the national GDP and 
makes intense use of the Alter do Chão Aquifer system (AAC). A reduction in its water level due to 
a scenario of overexploitation was identified, considering the economic and environmental aspects 
(SARAIVA, 2017).
In the Cerrado, the relationship between supply and demand is currently alarming, as it has intensive 
water withdrawals from ground and surface for crop irrigation. The Midwest placed the largest 
expansion of irrigated areas in the country between 1996 and 2015 and quadrupled its irrigated 
area to 1.2 million hectares (ANA, 2017). The limited accessibility to sewage services, especially rural 
sanitation, the nonpoint source pollution, and groundwater contamination, is considered the current 
context’s vulnerabilities (ANA, 2019). Climate change can amplify the current risks of growing demand 
and losses in biodiversity.
The pressures caused by the population increase in the Guarani Aquifer indicate a probable increase in 
exploration in the long term, which can cause the decrease of its water level and, consequently, influence 
the operational conditions of the existing wells, causing conflicts (BOICO & WENDLAND, 2018).
The Caatinga presents the worst situation in terms of water resources availability in the current 
context. Water exploration is critical and requires intense management activity and large investments 
in infrastructure. This situation is due to its natural water deficit and anthropic pressure with intense 
withdrawals from the big urban centers and the irrigated agriculture hubs. Because the socioeconomic 
pressures such as the current deficit in infrastructure and sanitation, associated with poverty, and the 
significant dependence on family farming, the region may become even more vulnerable in quality and 
water quantity (MARENGO et al., 2020).
The Atlantic Forest has satisfactory water security conditions compared to other biomes. However, in 
its large metropolitan centers, water exploration is considered critical, requiring intense management 
activity and large investments. The integrated water supply systems, which serve several municipalities 
and development hubs interconnected and simultaneously adds complexity to planning in this biome. 
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The conditions to water quality and security in the face of extreme flood events are still limited and 
well below world averages. Socioeconomic pressures, such as social inequality; deficient infrastructure, 
especially urban drainage; irregular occupations; high production and consumption; and agricultural 
activities, place the biome in a vulnerable situation in climate change scenarios (SCARANO & CEOTTO, 
2015). These pressures can increase episodes of floods and landslides and waterborne diseases, as well 
as crop losses.
In the Pantanal, although its currently high water availability, there are deficits in infrastructure, 
sanitation services, and water quality monitoring and control that impose an alert situation for water 
security (TOMAS et al., 2019). The legal instruments for water resources management, such as state 
plans and river basin committees, are still in an initial development stage and reveals a situation of 
fragility in regional governance.
Pampa biome has high water availability in the current climate context, accessibility to sanitation 
services above the average of other biomes, and water resource management instruments in 
action. However, socioeconomic pressures, such as increasing demand for agricultural production, 
especially the irrigated rice crops, lack of clear policy for nonpoint pollution control, and groundwater 
contamination potential, are the flaws under climate change. Extreme drought and flood events show 
that impacts related to floods and water quality changes, such as conflicts over multiple water use and 
biodiversity losses, can be amplified (RIBEIRO NETO et al.,2016; BPBES, 2020).
The Brazilian coastline is susceptible to sea level rises and more intense hangovers. This portion of the 
territory has been affected by increased erosion and coastal flooding. Asset losses, services restrictions, 
reduced livable spaces, marine intrusion, and biodiversity and fishery production losses are examples 
of the associated impacts. The water quality changes due to saturation and salinization that flow into 
the coast are at risk (PBMC, 2017).
The Atlantic Forest, Cerrado, and Amazon biomes place the vulnerable Protected Areas (PA) in size, 
native vegetation cover, and climate-driven vegetation transition (Lapola et al., 2019), so they should 
be prioritized to test potential adaptation strategies.
3 PRIORITY ISSUES FOR ADAPTATION
Brazil has specific legislation and institutions to deal with its water resources and has projects and 
programs aligned with the Sustainable Development Goals (SDGs). However, the legislation and 
instrument’s implementation do not consider the climate change effects. In this context, political and 
institutional flexibility, articulation, and multistakeholder participation in all scales (municipal, river 
basin, state, and federal) stand out as a central issue to direct adaptation actions to face climate change. 
The management of multiple water use with a planning system that considers and serves all actors 
and users of a watershed is still deficient. So far, river basin management has proved to be incipient in 
dealing with upstream-downstream conflicts regarding access and water quality equity. There is also 
regional heterogeneity in institutional capacity. There is no mobility and access to services in parts of 
the Amazon biome and sometimes even food for the riverside population when significant floods and 
droughts occur. The elaboration and implementation of state and river basin plans are still an institutional 
challenge. In the Caatinga, Pantanal, Cerrado, and Atlantic Forest biomes, most of the territory already 
has water resources plans, programs, and basin committees. However, the existing institutional structure 
was insufficient to avoid the recent water crises’ impacts and conflicts. The management instruments 
still need to be implemented, as is the case with basin plans in the Caatinga basins. The worst fire 
scenario was registered since its monitoring in mid-2020 at the Pantanal. The absence of the traditional 
flood at the beginning of the year and the lack of dialogue between monitoring and institutional action 
contributed to the Pantanal’s devastation scenario. The plans and programs implemented in the Atlantic 
Forest could not avoid the problems and conflicts in water supply in the 2014 intense drought.
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Throughout the national territory, the difficulty of articulation between existing legislation persists, 
such as municipal master plans, agro-ecological zoning, and legislation on land use and occupation. 
Also, institutions, existing public policies, and the different actors involved in their different action 
levels still need to connect themselves. A multistakeholder governance system is essential for the 
water management evolution and efficiency in order to avoid water crises and minimize the damage 
of extreme events and increase in sea levels (ARAUJO et al., 2019; LEMOS et al., 2020; MILHORANCE et 
al., 2020; MILHORANCE & BURSZTYN, 2019).
The water quality and quantity monitoring network (surface and underground) improvement and expansion 
would support pollution control, especially in distant urban centers and rural areas. The institutional 
improvement and strengthening to assure the services continuity and standardization represents the base 
to expand the services in remote areas and avoid the current data generation’s interruption.
The water access infrastructure needs to be expanded, especially in parts of the country with a semi-
arid climate and a high population concentration. Implementing water supply reservoirs to store 
water and prevent water shortages and collapse caused by rainfall variability is considered a relevant 
adaptation action.
The premise of water as an abundant natural resource acts as a pressure factor for water systems—
even water scarcity existing for the current and future situations. Water losses occur mainly in the 
leaking of water distribution pipes, industrial and agricultural system waste, especially in the irrigation 
systems, such as the central pivot. Reducing water losses can be considered an adaptation priority issue 
since it optimizes and reduces the resources used.
Limited and sometimes almost absent, the current sanitation services access places Brazil in a 
vulnerable situation. It directly influences water potability and affects the various social sectors. A 
climatic uncertainty situation will likely amplify this vulnerable condition. Thus, provide sanitation 
universalization services is an urgent issue for adaptation priorities. Sanitation influences health 
conditions, economic development, and the environment and, once implemented, brings direct 
benefits with no regrets to society.
4 ADAPTATION OPPORTUNITIES 
The primary water resources challenge to deal with climate change is to ensure the already existing 
management instruments’ efficiency. It demands a management system designed for a dynamic, 
diverse, and non-stationary climate system instead of a static one.The National Adaptation Plan PNA 
(MMA, 2016) suggests adopting essential practices to promote management instruments’ effectiveness 
and deal with climate changes:
• Integrate water bodies regulation goals and municipal sanitation plans
• Expand clean-up actions financing routes
• Frame water bodies regulation considering future climate scenarios
• Expand and update water quality monitoring standards
• Connect the licensing and water grant agencies for shared water bodies regulation goals
Connect, integrate and articulate stakeholders in plans and program implementation in a multiscale 
perspective is an action that supports adaptation policies. At the municipal scale, environmental governance 
systems proved to be effective and reduced deforestation in the Amazon (FERREIRA COSTA, 2020).
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The Brazilian Water Law is designed based on the stakeholder’s integration at the local, state, and 
federal levels. Its effectiveness fails when this integration does not occur. Consequently, a necessary 
adaptation action in Brazil is the institutional strengthening to guarantee its instruments’ effectiveness.
Surface and groundwater quality and quantity monitoring is the core to provide water bodies control. 
It sets updated and adjustable parameters definition. Allows the establishment of goals considering 
priority and agreed upon between users of the hydrographic basins. The expansion of the current 
system to reach a well-established monitoring system provides the basis for dynamic and flexible 
management. It is a step forward to establish a reference flow for framing water bodies and adjustable 
decision-making.  
Elaboration of contingency plans for droughts and floods, with long-term planning and periodically 
reviewed and constant updating of investment and financing plans, strengthen institutions’ decision-
making regarding risks.
Strengthening institutional capacity also improves confidence levels and allows other adaptation 
instruments implementation that promotes water security. The water markets and trade are instruments 
of adaptation (FGV-EAESP / FGVces, 2018). In Brazil, low levels of trust and confidence for impersonal 
transactions can restrict water rights markets to small, close and homogeneous groups.
Investing in water use efficiency actions to reduce water losses also prevents availability and demand 
water conflicts. It involves a broad context that includes improvements of urban network system 
measurement and crop irrigation techniques, legal requirements, and water reuse support in the 
various sectors. 
The actions involving the water losses reduction in water supply systems are strategic for the decision-
making process. It guarantees the company’s sustainability and even competitiveness besides the 
benefits in several segments (economic, technological, energy, socio-cultural and environmental).
The rational water use promotes activity sustainability, efficiency increase, and waste reduction (ANA, 
2017). The legal requirements and management instruments allow authorization for water use and the 
charging for the use. 
The climate change projections indicate a water availability reduction for Caatinga, Cerrado, and 
Atlantic Forest biomes (RIBEIRO NETO et al., 2016). Also, they are considered the highest users of 
irrigation systems in the country. Investment in techniques to reduce water use in irrigation prevents 
overexploitation and water shortage. 
Irrigated crops have a condition of water use elasticity, and the sector can quickly adapt the volumes 
withdrawn to existing availabilities and prevent conflicts. Water availability monitoring and prognostic 
for irrigation and the replacement of  current technologies  for higher water-efficient technologies 
would reduce the country’s irrigation system’s water withdrawal. Also, keep the contingency plans and 
soil conservation strategies with an impact on water production can help achieve this goal.
The increased pressure on water resources in the national territory puts the theme of water reuse in 
evidence. Reuse is defined here as the water previously used in some human activity, one or more 
times. The reuse supplies the need for other beneficial uses, including the original, and can be direct or 
indirect, and for planned actions or not.
Reuse techniques are applied in different regions of the world, especially in places like Israel, California-
USA, Jordan, and Saudi Arabia. Israel and Jordan reuse more than 75% of the effluent flow for irrigation. 
California reuses 10% of the withdrawal flow, and Saudi Arabia reuses 30% of the municipal sanitary effluent 
after treatment. All locations mentioned have plans and targets for expanding reuse water for 2030.
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Reuse represents a relevant alternative to reach the national legislation goals. However, it still needs 
clear guidelines and milestones at the national and local scale. The existing reuse policy resulted in few 
projects implementing at the national territory, even in basins considered critical. Brazil has 2 m3 / s 
installed capacity for non-potable reuse and an expansion target of 13 m3 / s by 2030. Israel already 
has 11 m3 / s, and California has the goal to reach 50 m3 / s by 2030 (MC-IICA, 2017; NRC, 2012).
The current scenario highlights three main actions to expand the reuse in Brazil: 
• Strength the leadership to define guidelines and implement the proposed reuse policy, 
starting with states with the current and projected most critical basins. 
• Review the current legislation to improve the concept, objectives, goals, and Federal 
Government actions to reinforce the existing components. 
• Project monitoring to review and incorporate new adjustments as needed.
The water infrastructure increment to enhance water supply and sanitation services is also considered 
an adaptation action. The current one is inadequate to meet all demands. The National Water and 
Sanitation Agency (ANA), in partnership with the Ministry of Regional Development (MDR), launched, 
in 2019, the National Water Security Plan (Plano Nacional de Segurança Hídrica -PNSH). It assesses 
the priority regions for structural interventions (Dams, Pipelines, Canals, and Integration Axes), with 
strategic and regional relevance to set a multi-users water supply. The plan also considers critical 
event risk mitigations (droughts and floods). The new sanitation framework (Federal Law No. 14,026, 
of July 15, 2020) alters previous structural conditions’ rules. It indicates the commitment to define 
universalization goals in the contracts for the public sanitation services provision. The goal is to 
guarantee water supply access for 99% of the population with safe drinking water and 90% of the 
population with sewage collection and treatment until December 31, 2033.
However, watershed plannings to supply Metropolitan Regions should be treated as a State Policy (ANA, 
2019), aiming for an integrated and permanent solution with multiple water use. It must further consider 
additional solutions like green infrastructure, demand management, and territorial occupation organization.
Natural systems such as forests, floodplains, and soils can contribute to water quality maintenance. It 
serves as an efficient containment/control mechanism for flood events. Green infrastructure can increase 
resilience, increase water quality, promote soil conservation, reduce costs and bring multiple benefits to 
society. It represents ecosystem-based adaptation (EbA). However, there are still challenges in identifying, 
defining, and evaluating green infrastructure to achieve the precision standards required in engineering 
works. The professionalization and systematization of green infrastructure is a need. It helps to set the 
solution and achieve its multiple benefits globally: i. e., the opposite context we have today.
The integration of green and gray infrastructures presents itself as an adaptation measure. It offers the 
potential to meet water security challenges in an extreme future climate context, helping to mitigate 
the extreme events of droughts and floods and the pressure for water demands in several sectors.
The integration of gray and green infrastructures - such as reservoirs and water treatment plants and 
reforestation in river basins and floodplains - generates synergies like increasing the water quality 
and reduced water treatment costs. New York City saved around 22% of its water treatment costs 
after implementing water supply programs based on the integration of gray and green infrastructure 
(Bloomberg & Holloway, 2018). In Brazil, the Vitória metropolitan region implemented a project to 
provide adequate water and sewage services based on river basin restoration and payment for 
environmental services. It estimates a net economic benefit of U$ 13 to U$ 18 million, with a return rate 
of 12% to 16%. Also, it saves approximately R$ 15 million with the costs of inputs for water treatment 
and reduces the need for dredging in the port region over 30 years (Browder et al., 2019).
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The green infrastructure complements the grey in urban floods. It reduces the speed and amount of water 
that reaches the ground and relieving urban drainage systems, typically overloaded in heavy rain events.
The forest maintains and increases the soil’s water storage capacity, reducing the demand for crop 
irrigation and fertilizers, and serves as a mechanism for erosion and diffuse pollution control.
The forest protection is the core idea for the agricultural practices program recommended by the 
Brazilian Agricultural Research Corporation - Embrapa in all Brazillian biomes. The projects consist of a 
forest-crop-livestock integration production system adapted for tropical and subtropical climates.
5 FINAL CONSIDERATIONS
The nexus + approach guided us in highlighting non-regret adaptation opportunities to ensure water 
security in Brazil under climate change threads.
The first option is strengthening institutional capacity. It is considered an institutional and technological 
measure with a national scoping. The water quality and quantity monitoring subsidize the demand 
for regulations and flexibility to face climatic scenarios uncertainty. It guides the management and 
planning instruments for surface and groundwater control. Its implementation is considered the pillar 
to achieve sustainable development at the local scale. It supports the monitoring and guidelines 
definition regarding local and regional particularities. Climate simulations are also included in this 
option since they allow defining extreme climate horizons. The governments and population can plan 
contingency measures based on the long term scenarios.
The second option is the promotion of water use efficiency actions.  It is considered a useful measure 
of structural, institutional, technological, and economic character. Efficient water use has direct 
economic and environmental gains, reducing water losses and waste and production and consumption 
costs.  The Caatinga, Cerrado, Atlantic Forest and, Pampa biomes are the priorities due to their growing 
water demands.
The third option is to increase the water infrastructure to improve the water supply. It is a measure 
of structural and economic character with immediate effects. It highly depends on institutions that 
control and regulate the resource and frequent environmental education activities. It also depends 
on the creation of a scarcity culture and high climatic risk to protect ecosystem services. The 
consumption optimization measures, institutional regulation, and maintenance of ecosystem services 
are interconnected. If not, it is considered an incipient action in the long run. Its scope mainly involves 
the Caatinga and the municipalities that do not have supply reservoir systems.
The fourth option is the integrated green (EbA) and gray infrastructure implementation. It has structural, 
technological, and institutional nature. It also has human development and natural and economic 
resources management integration characteristics. Its scope is national, with a focus on urban and rural 
areas. The integration of green and gray infrastructure has the potential for multiple environmental and 
social benefits and synergies. Integration of local communities and ecosystem services maintenance 
and restoration keep water security in the long term.
Population firstly and strongly perceives the water climate change effects. With the likely changes in 
precipitation patterns and the river flow, the most impoverished populations are the most vulnerable. 
Nowadays, due to geographic issues or the lack of sanitation, they are exposed to water scarcity. 
Thus, this study presents a pragmatic set of information, reflections, findings, suggestions, and 
alternatives related to climate change and its impacts on water resources.  We organized here some 
elements and guidelines for action that support decision-making in adaptation to climate extremes 
and climate changes.
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